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Highlights And Contributions

Ç This work presents a detailed performance analysisof TensorFlowLite and
TensorFlow-TensorRT(TF-TRT)inference compilers by comparing throughput,
latency,andpowerconsumption

Ç It describesinferenceŎƻƳǇƛƭŜǊǎΩbehaviorspecificto DLmodel'sarchitectureand
computinghardware

Ç It recognizesa needfor a standardizedbenchmarksuite to analyzethe inference
ŎƻƳǇƛƭŜǊǎΩoptimizationpipelinefor edgecomputing

Ç Theresultspresentedin this paper will provide scientificcomputingcommunity
solutionsto optimizethe inferenceperformanceat Edge
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Background And Motivation

Ç Challengesin the cloud-basedinference
Ç Limitedbandwidthwhencomparedto volumeof data
Ç Undesirablehighlatency
Ç Securityandprivacyconcerns

Ç Togetherwith our colleaguesat
PVAMU,we performresearch
to build the capabilitiesaddressing
complexproblemsposedby IoT,ML
andBigData.
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An Industrial IOT Example

/ŀƴ ǿŜ άŜŦŦƛŎƛŜƴǘƭȅέ ōǊƛƴƎ 
computation to the Edge??

CREDIT: Center of excellence in Research and Education for big 

military Data InTelligence

http://credit.pvamu.edu/



Edge Computing And Deep Learning

Ç EdgeComputing
Ç άLǘis a distributed computingparadigmthat brings computation and data

storagecloserto the locationwhere it is neededto improveresponsetimes
andsaveōŀƴŘǿƛŘǘƘέ

Ç Asurgein the DeepLearning-based
applicationson edge
Ç Objectdetection
E.g., UAVtrackinga movingtarget

Ç ImageClassification
E.g., SurveillancetechusingCCTV

Ç Applicationin highenergyphysics
Ç Real-time imageanalysisin HL-LHCandDUNE
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Improving Efficiency Of Inference-on-Edge

Ç Computinghardwareof the edgedevicesisusuallyCPUs,GPUs,or ASICs
Ç ThesexPUsare limited in computeand power resourcescomparedto the cloud

servers
Ç Researchto enableefficient deeplearninginferenceon the resource-constrained

edgedevices
Ç Developmentof low-power SoCsspecializedfor deeplearning. E.g.,DƻƻƎƭŜΩǎ

TPU,LƴǘŜƭΩǎVPU
Ç Model compressiontechniques,likequantization,layerpruning
Ç Designof lightweightmodelslikeMobileNet,YOLO

Ç The above approacheshave limitations in addressingheterogeneoushardware
andmodels

Ç Need for frameworks to implement fine-grainedoptimizations common across
DLmodels
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Need For Compiler Frameworks For Inference-on-Edge 

Ç DiversifiedDLcomputehardware/backend
Ç Challengesin deploying DLmodelsin varyinginput formats
Ç Need for DL-oriented multi-IR to apply commonlyadopted frontend and backendoptimization

techniques
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Compiler Frameworks For Inference-on-Edge 

Ç Thedevelopmentof compilersfor DNNiscurrentlya hot researchtopic
Ç GLOW,nGraph,TFXLA,TensorRT,TVMΧ

Ç Edgecomputingsystemsandtools

Ç Cloudlet,SpanEdge, AirBox, ApacheEdgent, AzureIoTEdge

Ç Criticaldesignissueslikemulti-userfairness,security,privacy,soon

Ç Inferenceon the edgeis hinderedby resource-constraineddevicesςintroducing
bandwidth,throughput,power,or efficiency-relatedchallenges

Ç Development of TensorFlow-TensorRT (TF-TRT) integrated solution and
TensorFlowLite(TFLite)to optimizeinferenceon the edge
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Overview Of DL Compilers For Inference-on-Edge

Ç TensorFlow-TensorRT Integrated Solution (TF-TRT)

Ç TensorFlow Lite (TFLite)
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TensorFlow-TensorRT Integrated Solution

Ç TensorRT ςCUDA-based SDK for high-performance deep learning inference

Ç It is tightly integrated with TensorFlow

Ç Provides ONNX support

Ç Supports input in various frameworks like Caffe, MxNet, Chainer, PyTorch, etc

Ç Performs optimizations specific to Nvidia GPUs only
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TensorRT Workflow

Import and optimize trained models to generate optimized plans

10Source: NVIDIA TensorRT Documentation

Deployment of generated inference engines



TensorFlow Lite
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Architecture of TensorFlow Lite



Pivotal Optimizations

Ç QuantizationςFP16, INT8, MIXEDPrecision

Ç Horizontalandverticallayerandtensorfusion

Ç Dynamictensormemoryallocation

Ç TensorRTperformscalibrationto reducethe accuracyloss

Ç TensorRTperformskernelautotuning

Ç TFLiteperformsweightsclustering,reducingthe numberof individualweights
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Vertical And Horizontal Layer Fusion ςAn Example

13Source: https://developer.nvidia.com/blog/deploying-deep-learning-nvidia-tensorrt/

An example of CNN

Vertical Layer Fusion Horizontal Layer Fusion
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Experimental Setup

Ç Evaluated Models

Ç Dataset

Ç Hardware Specifications

Ç Software Specifications
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Ç Image Classification Ç Object Detection
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Evaluated Models

ResNet50_v2

MobileNet_v2

SSD_MobileNet_v2

Source: ResNet_v2 ςcv-tricks.com; MobileNet_v2 ςaŀǊƪ {ŀƴŘƭŜǊ Ŝǘ ŀƭΦΣ άaƻōƛƭŜbŜǘ±нΥ wŜǎƛŘǳŀƭǎ 
ŀƴŘ [ƛƴŜŀǊ .ƻǘǘƭŜƴŜŎƪǎέΤ {{5ψaƻōƛƭŜbŜǘψǾн ςmachinethink.net


